Background and Aims: Fentanyl can facilitate controlled intraoperative hypotension by its sympatholytic effect in patients undergoing functional endoscopic sinus surgery (FESS). We investigated the effects of different doses of pre-induction fentanyl on controlled hypotension profile during FESS. Methods: This prospective, randomised study included 120 patients randomly allocated to three groups (40 each) based on administration of pre-induction fentanyl; 2 µg/kg group, 3 µg/kg group and 4 µg/kg group. The primary objective was to assess effect on intraoperative heart rate and mean arterial pressure. Use of additional hypotensive agents, surgical field condition and surgeon satisfaction were also analysed. Results: Controlled hypotension was achieved adequately in all participants. Patients belonging to fentanyl 4 µg/kg group had significantly lower heart rate for the duration of controlled hypotension intraoperatively versus fentanyl 2 µg/kg group (P < 0.05). Trinitroglycerin [TNG] and metoprolol were administered to 3 [7.5%] and 9 [22.5%] patients respectively in the fentanyl 3 µg/kg group, and to 3 [7.5%] and 5 [12.5%] patients respectively in the 4 µg/kg group, compared to 14 [35%] and 20 [50%] in the fentanyl 2 µg/kg group, respectively (TNG, P < 0.001). Surgical field conditions and surgeon satisfaction scores were significantly superior in fentanyl 3 µg/kg and 4 µg/kg groups than in fentanyl 2 µg/kg group. Conclusion: Pre-induction fentanyl 3 µg/kg and 4 µg/kg group showed superior controlled hypotension facilitation than 2 µg/kg fentanyl during FESS in terms of measurable haemodynamic endpoints and favourable operative conditions, surgeon's satisfaction and sparing of additional hypotensive agents.
INTRODUCTION
Functional endoscopic sinus surgery (FESS) is a commonly performed procedure for paranasal sinus disease. Since the proximity of vital structures (the brain, orbit and carotid vessels), limited space to operate and bleeding during the procedure obscuring endoscopic vision may result in greater propensity of negative surgical outcomes (dural puncture, orbital/ optic nerve trauma, heamorrhage), [1] institution of induced hypotension during FESS is an absolute necessity. However, the commonly used hypotensive agents utilised to effect controlled hypotension for providing bloodless surgical field may have distressing side effects including vasodilatation (halogenated compounds), [2] tachyphylaxis (nitrates); [3] sedation, delayed recovery (clonidine); [4] heart blocks and rebound hypertension (beta-blockers) [5] among others.
This study explored the impact of predominant sympatho-adrenal suppression effect (lowers heart rate and blood pressure) [6] of different fentanyl doses (2 µg/kg, 3 µg/kg, 4 µg/kg) in facilitating controlled hypotension during FESS (primary objective); hypotensive agent sparing, surgical field condition and surgeon satisfaction (secondary objectives).
METHODS
After acquiring Institutional Ethics Committee approval (no. EC/06/10/132) and written informed consent from the patient/participants; this single-centre, prospective, randomised-controlled, double-blind, three-arm, dose-finding study included 120 adults, of either sex, aged between 20-60 years and belonging to American Society Anaesthesiologists (ASA) physical status I/II. The patients underwent bilateral FESS for sinusitis of non-fungal origin under general anaesthesia (GA). The study duration was 24 months and the study period was from 2 nd September 2010 to 30 th August 2012. Patients with uncontrolled hypertension, pre-existing hyper-reactive airway disease, known opioid hypersensitivity/allergy, uncompensated systemic illness (hepato-renal, cardiovascular, respiratory and endocrine), psychiatric disorders, alcohol/substance abuse and smokers were excluded from the study. The clinical trial was registered with the Clinical Trial Registry of India (CTRI No. 2014/03/004457). In all respect, the study was conducted in adherence to principles enshrined in the Declaration-of-Helisinki (DoH).
Prior to induction of anaesthesia, different doses of fentanyl were administered to the patients randomly assigned to one of the three groups. To effect blinding, a bolus of 5 ml 0.9% saline containing 1 µg/kg fentanyl or none was administered as per group allocation plan given below.
Patients belonging to the fentanyl 2 µg/kg group (group 1, n = 40) received fentanyl 1 µg/kg IV bolus (diluted in 5 ml 0.9% saline) administered twice at 0 and 3 min time point followed by two empty IV boluses (5 ml 0.9% saline) at 6 and 9 min time point. The patients of fentanyl 3 µg/kg group (group 2, n = 40) received fentanyl 1 µg/kg IV bolus (diluted in 5 ml 0.9% saline) administered thrice at 0, 3 and 6 min time point followed by one empty bolus (5 ml 0.9% saline) at 9 min time point. The patients of the fentanyl 4 µg/kg group (group 3, n = 40) were administered fentanyl 1 µg/kg IV bolus (diluted in 5 ml 0.9% saline) four times at 0, 3, 6 and 9 min time point and no empty bolus (5 ml 0.9% saline) was given. The investigator, patient and clinical assessor were blinded to the study groups.
All patients received oral diazepam (5 mg) the evening before and ranitidine (150 mg) 45 min before surgery. Routine monitoring (pulse-oximetry, electrocardiogram [ECG] , non-invasive blood pressure [NIBP]) was applied. Two peripheral intravenous accesses were established, one for fluids and drug administration and the other dedicated to propofol infusion. Pre-induction fentanyl was administered to the participants as per the randomised dose allocation plan (2 µg/kg or 3 µg/kg or 4 µg/kg). Anaesthesia was induced with propofol 2 mg/kg IV followed by atracurium besylate 0.5 mg/kg IV to facilitate tracheal intubation. GA was maintained with propofol total intravenous anaesthesia (TIVA) started at 150 µg/kg/min and was titrated to maintain a bi-spectral index (BIS) score from range 40-60. Muscle relaxation for the operative duration included atracurium infusion at 25 mg/h. Ventilator settings (volume-controlled ventilation, frequency 14/min, tidal volume 8.0 ml/kg, I: E ratio1:2; Penlon AVS, Penlon Ltd., Abingdon, UK), tracheal-tube size (7.5mm I.D [males], 6.5mm I.D [females]) and breathing-system (circle-CO 2 absorber) were standardised across the study participants. For the duration of controlled ventilation, N 2 O was not used. Patients lungs were ventilated with O 2 : air mixture with FiO 2 set at 0.5 and fresh gas flow 1.0 l/min. Atracurium infusion was stopped once the endoscopic intervention was finished and before nasal packing was undertaken. Continuous propofol infusion was stopped once nasal packing was completed. At the end of the surgery, the residual neuromuscular blockade was reversed with neostigmine (50 µg/kg) and glycopyrrolate (10 µg/kg) IV. Tracheal extubation was undertaken once the patients were wide awake and following commands.
As a safety measure, after the institution of GA, trinitroglycerine (TNG) IV infusion was used to maintain MAP within the targeted range of 60-70 mmHg throughout the duration of controlled hypotension. NIBP was monitored every 5 min. A single bolus of fentanyl 0.5 µg/kg was administered if the MAP exceeded 70 mmHg. Any exclusive or attendant (to NIBP rise) increase in HR above 90 beats/min was treated with metoprolol (1 mg) IV bolus. In case of non-response to additional fentanyl IV bolus, TNG infusion was started at 0.5 µg/kg/min and titrated to effect all the groups. Every time care was exercised to keep the dose range within the standard prescribed limits (0.5-2 µg/kg/min). The frequency of use of fentanyl, metoprolol and trinitroglycerine was noted for each group.
The outcome measures assessed were surgical field condition (SFC) [3] surgeon satisfaction profile (SSP), [7] emergence agitation using Aono's scale, [8] post-operative pain using visual analogue scale (VAS), [9] and post-operative nausea and vomiting using PONV scoring system [10] [ Table 1 ].
In the early recovery period (up to 6 hours), post-operative analgesia was given in the form of a single diclofenac sodium 75 mg bolus. Thereafter, the analgesic protocol of the surgical unit was followed. Post-operative nausea and vomiting were treated with ondansetron 4-8 mg bolus.
For an effective institution of intraoperative controlled hypotension, a mean arterial pressure (MAP) range of 60-70 mmHg was adjudicated as the desired target.
The total sample size of 120 (40 patients/group) was calculated with a power of 80% and α-value of 0.05. A standard deviation of 10 mmHg was assumed to detect a significant difference of 10% in MAP between any of the two groups from the point of institution of controlled hypotension. A P value of less than 0.05 was considered statistically significant.
The patients were randomly allocated to one of the three groups based on a computer generated random number table (url:stattrek.com/statistics/ random-number-generator.aspx). Randomisation sequence concealment included opaque-sealed envelopes with alphabetic codes whose distribution was in control of an independent analyst. The envelopes were opened in the pre-operative waiting room just before shifting the patient to the operating room (OR) area. After allocation, patient's data-slip was pasted on the empty envelope, which was then sent back to the control analyst.
Statistical analysis was performed using the Statistical Package for the Social Sciences software (SPSS) version 17.0 programme for Windows (SPSS Inc., Chicago, IL, USA). Normal distribution of the data was verified with the Shapiro Wilk test. Reporting of parametric and non-parametric data was represented by mean ± standard deviation and medians with quartiles, respectively. Categorical data were presented as the frequency with percentage. Normally distributed continuous variables including age, weight, height, duration of surgery, mean arterial pressure, heart rate and propofol dosage were compared using analysis of variance (ANOVA). Corrections for comparing three treatment groups were made. Multiple comparison test was utilised to assess the homogeneity/differences between the individual groups using Bonferroni or Tamhane's T2 test. The Kruskal-Wallis test was used for surgeon satisfaction score and Aono's scale. Further comparisons were done using the Mann Whitney U test. Categorical variables such as gender distribution; frequency of TNG, metoprolol and fentanyl administration; and incidence of PONV were analysed using the Chi-square test.
RESULTS
All the participants, randomised to one of the three study groups (40 group; n = 120) completed the study [ The participants in the three study groups, viz. fentanyl 2 µg/kg, fentanyl 3 µg/kg and fentanyl 4 µg/kg, were comparable for demographic parameters (age, height, weight, gender). The duration of surgery in fentanyl 2 µg/ kg group (127.53 ± 12.39 min) was significantly lower than the patients belonging to fentanyl Controlled hypotension was achieved adequately in all the participants belonging to the three groups. With incidental exceptions, the MAP was comparable across the three study groups [ Table 2 ]. Though there was no difference in the baseline (pre-induction) heart rate in the three study groups; intraoperatively, patients in receipt of fentanyl 4 µg/kg had significantly lower heart rate when compared with fentanyl 2 µg/kg for the larger duration of controlled hypotension [ Table 3 ]. Intraoperatively, the difference in propofol usage (absolute total, rate-mg/min) was non-significant for the three groups [ Table 4 ]. When compared to the patients of fentanyl 3 µg/kg (n = 3, 7.5%) and fentanyl 4 µg/kg (n = 3, 7.5%) groups, significantly greater number of participants in the fentanyl 2 µg/kg group (n = 14, 35%) required trinitroglycerine infusion (P < 0.001) [ Table 4 ]. Further, the use of intraoperative metoprolol and fentanyl was significantly lower in the fentanyl 4 µg/kg group (P < 0.001) [ Table 4 ].
On a 6-point scale, the mean SFC score was significantly higher in patients of fentanyl 2 µg/kg group than those who received fentanyl 3 µg/kg and fentanyl 4 µg/kg (P = 0.041) [ Table 5 ]. The surgeons were significantly less satisfied with the operating condition in fentanyl 2 µg/kg group (P = 0.000) [ Table 5 ]. On Aono's scale [ Table 5 ] for assessing emergence from anaesthesia, the participants Values expressed as mean±SD; *P<0.05 significant belonging to fentanyl 3 µg/kg group were significantly calm (n = 34, 85%, Aono score 1) and less agitated (cumulative Aono's score 3 and 4: fentanyl 3 µg/kg, n = 6, 15%; fentanyl 4 µg/kg, n = 8, 20%; fentanyl 2 µg/kg, n = 11, 27.5%) (P = 0.05) [ Table 5 ]. At 6 hour time point, post-operative pain (10 cm VAS scale) was significantly lower in patients who received fentanyl 3 µg/kg and fentanyl 4 µg/kg than those who received fentanyl 2 µg/kg (P = 0.015) [ Table 5 ]. Except for a solitary incidence of PONV in the fentanyl 3 µg/kg group, none of the study participants experienced PONV [ Table 5 ].
DISCUSSION
Our study results revealed that although controlled hypotension could be instituted and maintained adequately in all the participants, superior surgical field conditions (SFC) and surgeon satisfaction scores (SSS) were observed only in patients who received higher doses of pre-induction fentanyl (3 or 4 µg/kg instead of 2 µg/kg). In addition, compared to 2 µg/kg fentanyl group of patients, the quantitative use of TNG and beta-blockers to sustain controlled hypotension was significantly lower in patients who received fentanyl 3 or 4 µg/kg. Probably, the presence of a lower heart rate in the patients who received pre-fentanyl 3 and 4 µg/ kg accounted for preceding effect and consequently resulted in improved endoscopic view during FESS. This reinforces our hypothesis that the sympatholytic effect of pre-induction fentanyl, especially its effect on the heart rate, tails into the early intraoperative period and facilitates controlled hypotension. Therefore, a lower heart rate achieved with pre-induction fentanyl before induction of anaesthesia appears to be an important determinant for institution and facilitation of a robust controlled hypotension state during FESS. The supporting evidence for the above effect can be: first, a lower requirement (frequency, quantity) of hypotensive agents in patients who received fentanyl 3 µg/kg and 4 µg/kg was considered significant given that the study population was homogenous and randomised and overall propofol consumption was comparable across the study groups; second, confounders (type of hypotensive agents used, patient factors) notwithstanding the presence of a lower heart rate for the duration of controlled hypotension in participants who received pre-induction fentanyl in doses of 3 µg/kg and 4 µg/kg had significantly superior SFC and SSS than those who were administered 2 mg/ kg dose.
A plethora of evidence is available regarding efficient achievement and sustenance of hypotensive anaesthesia during FESS by using specific hypotensive agents. [3, 11, 12] However, the evidence on the role of opioids in hypotensive anaesthesia during FESS is limited [6, 13] and until now only remifentanil has been studied to some extent. [4] While the literature on the facilitatory potential of routinely employed pre-induction fentanyl administered just before induction of anaesthesia is sparse, [14, 15] to our knowledge, no study has yet analyzed the impact of (routinely administered) pre-induction fentanyl on institution and maintenance of controlled hypotension during FESS.
Primarily, controlled hypotension can be instituted by decreasing the systemic vascular resistance (SVR) (inhalation anaesthesia, nitroprusside) and/or by reducing cardiac output (CO) (beta-blockers, opioids). [12] In the setting of FESS, if the SVR and CO are not controlled in balance, the implications on the limited surgical field may be negative and unpredictable. However, it is conceivable that reduction of SVR due to local vasodilatory effect may be counter-productive for the bloodless surgical field; the decrease in MAP and CO (e.g. with opioids) may be more efficient in reducing bleeding. [11] Although propofol-based TIVA has shown promise in reducing blood loss during FESS, it does not necessarily translate into quality of SFC unless co-administered with adequate opioid analgesia. [14, 15] Of the several implications of inducing hypotension during FESS, neither the role of the fentanyl administered before induction of anaesthesia nor the influence of anaesthetic technique (intravenous, inhalation) [16, 17] on specific drugs (trinitroglycerine, sodium nitroprusside, esmolol) employed to maintain a controlled hypotension state; has been elucidated adequately. Further, it is not known whether modulating the dose and manner of administration of routinely used pre-induction fentanyl for GA facilitate controlled hypotension; and if it does so, whether it reflects linearly with SFC and/or surgeons' satisfaction vis-a-vis operability? [18] Our study highlights that pre-induction fentanyl can be utilised to facilitate controlled hypotension by situating a favourable haemodynamics state immediately after induction of GA such that commonly used hypotensive agents can be used more efficiently, i.e., effectively and without the development of acute tolerance and/or side effects. Though our randomised study supports the potential of pre-induction fentanyl in achieving intraoperative controlled hypotension endpoints, further studies are desirable to create robust meta-analytic evidence. Till that time, administration of adequate doses of pre-induction fentanyl before induction of anaesthesia could be utilised to replace the irrational practice of supporting controlled hypotension by real-time excessive deepening of anaesthesia depth by increasing anaesthetic concentration (inhalational) or dose (intravenous), [12, 16] which not only would attract cardiovascular consequences (myocardial depression, vasodilatation) but also delay emergence and recovery from anaesthesia in a patient going into the post-operative care room with packed nostrils.
As a lateral reflection, the study evidence suggests that an adequate dose of pre-induction fentanyl (i.e., 3-4 µg/kg) could be of help in effectively grounding a uniform intraoperative haemodynamic profile during moderate-to-long duration surgery under GA. Future investigations for analysing the impact of optimised pre-induction fentanyl dose on the surgical outcome would be an exciting proposal. Since the scoring systems used in our study were largely based on subjective responses, not assessing early recovery parameters (time to extubation, time to recovery) can be construed as a study limitation.
CONCLUSION
Pre-induction fentanyl 3 µg/kg and 4 µg/kg seems superior to 2 µg/kg dosage in facilitating controlled hypotension during FESS measured in terms of measurable haemodynamic endpoints and favourable operative conditions, surgeon's satisfaction and hypotensive agents sparing.
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